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(54) Interleaved broadcast techniques for wavelength division multiplexed systems 



(57) Providing a common broadcast channel in a 
WDM (wavelength division multiplexed) system is ac- 
complished by applying a pulsed light source (101) to a 
dispersive delay line (115), and also applying the light 
source to each of M delay lines (119,121), such that the 
Mth delay line has a delay of (M-1 ) time slots, where M 
is a nonnegative integer representing the number of 
time slots to be provided for the broadcast channel. The 



dispersive delay line spreads the spectrum of the pulsed 
light source across the desired bandwidth of the WDM 
system to provide a wide-spectrum signal, and this 
wide-spectrum signal may then be modulated (143) to 
provide a plurality of WDM channels. The M delay lines 
provide delayed pulses that may be modulated to pro- 
vide a common broadcast channel for reception on a 
plurality of WDM receivers (149,151,153). 
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Description 

BACKGROUND OF THE INVENTION: 

1 Field of the Invention 

[0001] The invention relates generally to optical com- 
munications, and more particularly to wavelength divi- 
sion multiplexed systems. 

2. Description of the Related Art 

[0002] At present, wavelength division multiplexed 
(WDM) optical communications systems are experienc- 
ing ever-increasing popularity. Such systems are espe- 
cially useful where it is desired to selectively deliver a 
plurality of information channels to a plurality of custom- 
ers using a single transmission medium. For example, 
a first set of services is assigned to a first frequency 
bandwidth, whereas a second set of services is as- 
signed to a second frequency bandwidth. Both frequen- 
cy bandwidths are transmitted over a single fiber optic 
cable. Customers subscribing to the first set of services 
are provided with receivers responsive to the first fre- 
quency bandwidth, customers subscribing to the sec- 
ond set of services are provided with receivers respon- 
sive to the second frequency bandwidth, and customers 
subscribing to both sets of services are provided with 
receivers responsive to both frequency bandwidths. 
[0003] WDM systems present problems when it is de- 
sired to send a common information channel to ail cus- 
tomers. Hereinafter, this common information channel 
will be referred to as a broadcast channel, and it may 
be employed to carry virtually any type of broadcast sig- 
nal which is to be sent to all customer receivers. In WDM 
system operation, not all customers subscribe to the 
same sets of channels, and, therefore, not all customer 
receivers are enabled to receive the same frequency 
bandwidth. Accordingly, there are several possible ap- 
proaches for sending broadcasting information to all 
customer receivers. For example, the broadcast signal 
may be copied and translated to each of the frequency 
bandwidths for which receivers are to be employed, 
which is sometimes referred to as an overlay scheme. 
Unfortunately, a portion of the bandwidth that would oth- 
erwise be available for non-broadcast or other such 
services is now allocated to the broadcast channel. 
Moreover, this approach is quite inefficient, as the exact 
same information is transmitted at a plurality of different 
frequency ranges, effectively wasting the available 
bandwidth of the transmission medium. 
[0004] It is possible to utilize an alternate approach 
whereby a fixed frequency bandwidth is allocated to the 
broadcast channel. In this case, all receivers must be 
designed to receive this fixed-frequency broadcast 
channel, as well as the frequency band providing the 
desired set of services mentioned above. Although the 
bandwidth of the transmission medium is conserved rel- 



ative to the overlay scheme, this is accomplished at the 
expense of added receiver complexity This shortcom- 
ing is exacerbated because, for each transmitter in a 
WDM system, there are typically many receivers in use. 

5 The increased cost of manufacturing a two-frequency- 
band receiver is therefore multiplied by the relatively 
high number of receivers required in a given system. In 
addition, one must now construct a WDM routing device 
that is capable of routing not just one, but two different 

10 frequency bandwidths, to each receiver. Such a WDM 
routing device is undesirably expensive and complex. 
What is needed is an improved technique for providing 
a broadcast channel to a plurality of WDM receivers. 

is SUMMARY OF THE INVENTION: 

[0005] Providing a common broadcast channel to a 
plurality of receivers of a WDM (wavelength division 
multiplexed) system is accomplished by applying a 

20 pulsed light source to a dispersive delay line, and also 
applying the light source to each of M delay lines, such 
that the Mth delay line has a delay of (M-1) bits, where 
M is a nonnegative integer representing the number of 
time slots to be provided for the broadcast channel. The 

25 dispersive delay line spreads the spectrum of the pulsed 
light source across the desired bandwidth of the WDM 
system to provide a wide-spectrum signal, and this 
wide-spectrum signal may then be modulated to provide 
a plurality of WDM channels. The M delay lines provide 

30 delayed pulses that may be modu lated to provide a com- 
mon broadcast channel for reception on a plurality of 
WDM receivers. In this manner, a single light source pro- 
vides a common broadcast channel interleaved with a 
plurality of WDM channels. 

35 [0006] According to one preferred embodiment, the 
pulsed light source is fed to a 1x(M+1 ) splitter. Each of 
respective M output ports of the splitter are coupled to 
corresponding ones of M delay lines, the Mth delay line 
having a delay of (M-1 ) time slots, and the (M+1 )th out- 

40 put port of the splitter is coupled to the dispersive delay 
line. The outputs of the M delay lines and the dispersive 
delay line are combined using an (M+1) x (M+1) com- 
biner to provide a composite signal. The composite sig- 
nal may be applied to a modulator to provide a plurality 

45 of WDM channels and a common broadcast channel. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

[0007] FIG. 1 is a hardware block diagram showing a 
50 WDM system equipped to provide a common broadcast 

channel to a plurality of WDM receivers. 

[0008] FIG. 2 is a graph of amplitude versus time for 

waveforms that are processed by the system of FIG. 1 . 

[0009] FIG. 3 is a graph showing frequency compo- 
55 nents for the waveforms of FIG. 2. 
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DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0010] Refer to FIG. 1 , which is a hardware block di- 
agram showing a WDM system equipped to provide a 5 
common broadcast channel to a plurality of WDM re- 
ceivers. Pulsed source 101 generates broadband opti- 
cal pulses. These pulses are sufficiently broadbanded 
so as to include frequency components across the entire 
operational bandwidth of the WDM system. The pulsed 10 
source 101 is coupled to an input port 105 of a 1 x N 
splitter 103. A first output port 107 of the 1 x N splitter 
103 is coupled to a dispersive delay line 115, a second 
output port 109 of the 1 x N splitter 103 is coupled to a 
pass-through 117 device, a third output port 111 of the is 
1 x N splitter is coupled to a 1-bit delay line 119, and a 
fourth output port 113 of the 1 x N splitter is coupled to 
a 2-bit delay line 121. 

[0011] Dispersive delay line 115 may be implement- 
ed, for example, using a length of dispersive fiber optic 20 
cable. The dispersive delay line 115 disperses optical 
pulses in the time domain so as to distribute the frequen- 
cy spectrum of the pulses across a time span that is 
greater than the duration of an individual pulse. Each 
optical pulse is chirped such that the instantaneous fre- 2$ 
quency of the chirped pulse varies as a function of time. 
Illustratively, the dispersive delay line varies the instan- 
taneous frequency of the chirped pulse as a substan- 
tially linear function of time. 

[0012] Pass-through 117 represents an optically 
transmissive medium such as, for example, a section of 
nondispersive fiber optic cable. The length of this cable 
should provide no more than an insignificant amount of 
propagations delay. 1-bit delay line 119 can be imple- 
mented using a length of nondispersive fiber optic cable 
sufficiently long so as to provide a propagational delay 
of one bit period. However, any of various other well- 
known devices for providing a propagational delay may 
also be employed for 1-bit delay line 119. In a similar 
manner, 2-bit delay line 121 may be implemented using 
a length of nondispersive fiber optic cable sufficiently 
long so as to provide a propagational delay of two bit 
periods. However, as in the case of one-bit delay line 
119, the two-bit delay line 121 need not be fabricated 
from a section of fiber optic cable, as any of various other 
propagational delay devices may be employed. 
[0013] The output ports of dispersive delay line 115, 
pass-through 117, 1-bit delay line 119, and 2-bit delay 
line 121 are combined using an N x N combiner 131. 
FIG. 1 shows the use of an N x N combiner 1 31 for the 
sake of convenience, because such combiners are 
widely available, and also to provide multiple outputs, 
some or all of which may be applied to a corresponding 
modulator and used to generate modulated WDM chan- 
nels. However, an N x N combiner is not strictly required, 
as any combiner could be employed for combiner 1 31 , 
so long as the combiner has N or more input ports and 
at least one output port. In the illustrative example of 



4 

FIG. 1, the output of dispersive delay line 115 is fed to 
a first input port 1 23 of N x N combiner 1 31 , the output 
of pass-through 117 is fed to a second input port 1 25 of 
N x N combiner 1 31 , the output of 1 -bit delay line 11 9 is 
fed to a third input port 1 27 of N x N combiner 131, and 
the output of 2-bit delay line 121 is fed to a fourth input 
port 1 29 of N x N combiner 1 31 . 

[0014] Output port 137 of combiner 131 is fed to a 
modulator 143. Note that output port 133 of combiner 
1 31 could, but need not , be fed to a modulator, and that 
any of the remaining output ports 1 35, 1 39 of combiner 
131 could, but need not, be fed to a modulator. Modu- 
lator 143 modulates optical energy received from N x N 
combiner 1 31 with information corresponding to one or 
more WDM channels. These channels may be arranged 
into groups, or bands, according to wavelength, such 
that respective channel groups are received by corre- 
sponding receivers equipped to receive that particular 
band. Each of these groups, or bands, of channels may 
be conceptualized as corresponding to a certain color 
of light, such that a given WDM receiver is equipped to 
receive WDM channels of a certain color. 
[0015] The output of modulator 143 is coupled to a 
length of transmission fiber 145 which is used to convey 
the modulated WDM channels to a distribution location 
proximate to the subscriber premises. Illustratively, if the 
WDM channels represent various types of cable televi- 
sion programming, the transmission fiber 145 is used to 
convey the WDM channels from the cable headend unit 
to convenient distribution locations located proximate to 
customers' homes. The end of transmission fiber 145 
opposite modulator 1 43 is coupled to a WDM router 1 47 
which routes particular bands or groups of WDM chan- 
nels on transmission fiber 1 45 to corresponding WDM 
receivers. For example, a first WDM receiver, receiv- 
er 149, is equipped to respond to a first group, or band, 
of channels at and near wavelength . Accordingly, 
receiver 149 may be conceptualized as responding to 
WDM channels of a certain color of light, such as, for 
example, red. A second WDM receiver, X% receiver 151 , 
is equipped to respond to a second group, or band, of 
channels at and near wavelength Ag. Accordingly, re- 
ceiver 151 may be conceptualized as responding to 
WDM channels of a certain color of light, such as, for 
example, green. A third WDM receiver, receiver 153, 
is equipped to respond to a third group, or band, of chan- 
nels at and near wavelength X3. Accordingly, A3 receiver 
153 may be conceptualized as responding to WDM 
channels of a certain color of light, such as, for example, 
blue. 

[0016] The output of dispersive delay line 115 is light 
with a time-varying wavelength. When this light is cou- 
pled through N x N combiner 1 31 to modulator 1 43, data 
are encoded sequentially onto each individual wave- 
length channel. In this manner, a time-domain signal at 
the modulator input is converted into a wavelength-do- 
main signal at the modulator 143 output, which is then 
distributed, demultiplexed, and delivered to each cus- 
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tomer or subscriber. In one embodiment of the bit-inter- 
leaved broadcast transmitter of FIG. 1, a short broad- 
band optical pulse generated by pulsed source 101 is 
chirped in dispersive delay line 1 1 5 to produce light hav- 
ing a wavelength that varies linearly with time for each 
pulse received at the input of dispersive delay line 115. 
Successive bit periods at the modulator correspond to 
a linearly varying wavelength. 

[0017] Broadcast channel capabilities may be incor- 
porated into the chirped-pulse WDM system described 
in the preceding paragraph. The short broadband pulse 
generated by pulsed source 101 is delivered to an 1:N 
power splitter, i.e., 1 x N splitter 103, to generate N cop- 
ies of the pulsed output. One of these copies is chirped 
in dispersive delay Iine115. Each of the other N-1 copies 
are delayed by successive 1-bit periods. The outputs of 
all of the delay lines are then combined into an N:N pow- 
er combiner, i.e., N x N combiner 131. The result is N 
copies of a signal consisting of a period of chirped light, 
followed by N-1 pulses of broadband light. Upon delivery 
to modulator 143, wavelength channels are produced 
from the chirped portion, while data applied to the broad- 
band pulses are applied to all wavelength channels si- 
multaneously. In this manner, broadcast and switched 
digital services can all be delivered using the same light 
source. 

[001 8] The operation of the hardware configuration of 
FIG. 1 may be better understood with reference to FIG. 
2, which depicts a graph of amplitude versus time for 
waveforms that are processed by the system of FIG. 1 . 
Pulsed source 101 generates broadband optical pulses 
of the form shown, for example, as pulse 221 (FIG. 2). 
The 1 x N splitter couples the optical pulse to first, sec- 
ond, third, and fourth output ports 107, 109, 111, and 
1 1 3. From the first output port 1 07, the pulse encounters 
dispersive delay line 115, which in the example of FIG. 
1, applies a wavelength-dependent dispersion to the 
pulse which is a linear function of wavelength, such that 
the instantaneous frequency at the output ol the disper- 
sive delay line 11 5 varies substantially linearly as a func- 
tion of time. 

[001 9] The waveform at the output of dispersive delay 
line 1 1 5 is depicted in FIG. 2 as waveform 201 . The sub- 
stantially flat peaks of waveforms 21 1 and 21 2 show that 
the dispersive delay line 1 1 5 has a relatively flat frequen- 
cy response across the entire spectral bandwidth of the 
pulse generated by pulsed source 101. Note that the 
time difference between the lowest-frequency and high- 
est-frequency components of the pulse at the output of 
the dispersive delay line 115 is generally greater than 
the duration of the pulse generated by pulsed source. 
For illustrative purposes, the leading edge of each 
waveform 211, 212 may be conceptualized as repre- 
senting the highest-frequency components of the 
pulsed source 101 (FIG. 1), whereas the trailing edge 
of each waveform 211, 212 (FIG. 2) may be conceptu- 
alized as representing the lowest-frequency compo- 
nents of the pulsed source. Waveforms 211, 212 may 



subsequently be modulated to provide a plurality of 
WDM channels. 

[0020] The second output port of the 1 x N splitter 109 
(FIG. 1) is fed to pass-through 117, and the output of 

5 pass-through 117 is shown as waveform 207 (FIG. 2). 
Pulses 225 and 226 represent reduced-amplitude, tem- 
porally simultaneous versions of the pulses generated 
by pulsed source 101 (FIG. 1). Waveform 205 (FIG. 2) 
represents the output of 1-bit delay line 119. Note that 

io pulse 223 is delayed by one bit period relative to pulse 
225, and that pulse 224 is delayed by one bit period rel- 
ative to pulse 226. Waveform 203 represents the output 
of 2-bit delay line 121. Note that pulse 221 is delayed 
by two bit periods relative to pulse 225, and that pulse 

15 222 is delayed by two bit periods relative to pulse 226. 
Pulses 221, 222, 223, 224, 225, and 226 may be sub- 
sequently modulated to provide a common broadcast 
channel to all WDM receivers. The input to modulator 
143 is the sum of waveforms 201 , 203, 205, and 207. 

20 [0021] The sum of waveforms 201 , 203, 205, and 207 
is better illustrated in FIG. 3, which not only shows the 
sum of these waveforms, but also the frequency com- 
ponents corresponding to the summed waveforms. 
Summed waveform 301 is comprised of waveform 211, 

25 pulses 221, 223, 225, waveform 212, and pulses 222, 
224, and 226. In the frequency domain, waveform 211 
consists of a timed sequence of frequency components 
311, 313, 315. First, frequency component 311 at ^ ap- 
pears, followed by frequency component 31 3 at Xg, and 

30 then frequency component 31 5 at X3. Each of these fre- 
quency components can be independently modulated 
to provide a given WDM channel in a WDM system. Sim- 
ilarly, in the frequency domain, waveform 212 consists 
of a timed sequence of frequency components 323, 325, 

35 327. First, frequency component 323 at X^ appears, fol- 
lowed by frequency component 325 at 7^, and then fre- 
quency component 327 at X 3 . Frequency components 
311, 313, 315, 323, 325, and 327 are used to provide 
WDM channels 305. Components 311 and 323 may be 

40 modulated to provide a first WDM channel at Xy. com- 
ponents 313 and 325 provide a second channel at X& 
and components 315 and 327 provide a third channel 
at^ 

[0022] In the frequency domain, pulse 221 consists of 
45 a simultaneous combination of frequency components 
at all wavelengths, shown as frequency component 317 
containing components at X^ Xq, and X3. In a similar 
manner, pulse 223 consists of a simultaneous combina- 
tion of frequency components at all wavelengths, shown 
so as frequency component 31 9 containing components at 
X^ t X2, and X 3 ; pulse 225 has frequency component 
321, pulse 222 has frequency component 329, pulse 
224 has frequency component 331, and pulse 226 has 
frequency component 333. Since each pulse 221, 223, 
55 225, 222, 224, and 226 contains frequency components 
at all frequencies, these pulses can be modulated to pro- 
vide a common broadcast channel 307 for receivers in 
a WDM system. 
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[0023] It should be understood that FIG. 1 utilizes 
one-bit and two-bit delay lines 1 1 9, 1 21 to provide wave- 
forms 203, 205 (FIG. 2) for illustrative purposes, and that 
any number of delay lines could be employed to provide 
any number of bit-delayed waveforms. For example., it 
is possible to construct a system that has only a pass- 
through 11 7, but no delay lines. It is also possible to pro- 
vide a system having only a 1 -bit delay line 119, but no 

2- bit delay line 1 21 , or a system having only a 2-bit delay 
line 1 21 , but no 1 -bit delay line 11 9, or a system having 
1-, 2- and 3-bit delay lines, or a system having 1- and 

3- bit delay lines, but no 2-bit delay lines. The foregoing 
examples have been provided for illustrative purposes 
only, and not to limit the scope of the claimed invention. 



Claims 

1 . A method of providing a common broadcast chan- 
nel in a wavelength division multiplexed (WDM) 
system, the method comprising the steps of: 

(a) applying output signals from a pulsed light 
source to a dispersive delay line to generate a 
wide-spectrum signal for providing a plurality of 
WDM channels, and 
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output ports of the splitter to corresponding ones of 
M delay lines, the Mth delay line having a delay of 
(M-1 ) time slots, the (M+1 )th output port of the split- 
ter being coupled to the dispersive delay line. 

The method of claim 3 further including the step of 
combining the outputs of the M delay lines and the 
dispersive delay line using an (M+1 )x (M+1 ) com- 
biner to provide a composite signal. 

The method of claim 4 further including the step of 
applying the composite signal to a modulator to pro- 
vide a plurality of WDM channels and a common 
broadcast channel. 

The method of claim 5 wherein the plurality of WDM 
channels are provided from the output of the disper- 
sive delay line and the common broadcast channel 
is provided by combining the outputs of the M delay 
lines. 

A transmitter for providing a common broadcast 
channel for a wavelength division multiplexed 
(WDM) system comprising: 

(a) a pulsed light source; 



(b) applying output signals from the pulsed light 
source to each of M delay lines, such that the 
Mth delay line has a delay of (M-1 ) bits, where 
M is a nonnegative integer representing the 
number of bits to be provided for the hroadcast 
channel, the M delay lines generating delayed 
pulses for providing the common broadcast 
channel. 

2. A method of using one pulsed light source to pro- 
vide a common broadcast channel and a plurality 
of WDM channels, the method comprising the steps 
of: 

(a) applying output signals from the pulsed light 
source to a dispersive delay line to generate a 
wide-spectrum signal for providing the plurality 
of WDM channels, and 

(b) applying output signals from the pulsed light 
source to each of M delay lines, such that the 
Mth delay line has a delay of (M-1 ) bits, where 
M is a nonnegative integer representing the 
number of bits to be provided for the broadcast 
channel, the M delay lines generating delayed 
pulses for providing a common broadcast chan- 
nel. 

3. The method of claim 1 wherein steps (a) and (b) are 
performed by coupling the pulsed light source to a 
1x(M+1 ) splitter, and coupling each of respective M 
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(b) a dispersive delay line coupled to the pulsed 
light source for generating a wide-spectrum sig- 
nal from the pulsed light source for providing a 
plurality of WDM channels, and 

(c) M delay lines, each coupled to the pulsed 
light source, the Mth delay line having a delay 
of (M-1) time slots, wherein M is a nonnegative 
integer representing a number of time slots to 
be provided for the common broadcast chan- 
nel, the M delay lines generating delayed puls- 
es for providing a common broadcast channel. 

8. The transmitter of claim 7 further comprising a 1x 
(m+1) splitter having one input port and (M+1) out- 
put ports, wherein the input port is coupled to the 
pulsed light source, each of respective M output 
ports of the splitter are coupled to corresponding 
ones of the M delay lines, the Mth. delay line having 
a delay of (M-1) time slots, and wherein the (M+1) 
th output port of the splitter is coupled to the disper- 
sive delay line. 

9. The transmitter of claim 8 further including an (M+1 ) 
x (M+1) combiner for combining the outputs of the 
M delay lines and the dispersive delay line to pro- 
vide a composite signal. 

10. The transmitter of claim 9 further including a mod- 
ulator for modulating the composite signal to pro- 
vide a plurality of WDM channels and a common 
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broadcast channel. 

11. The transmitter of claim 10 wherein the plurality of 
WDM channels are provided from the output of the 
dispersive delay line and the common broadcast s 
channel is provided by combining the outputs of the 

M delay lines. 

12. A method of providing a common broadcast chan- 
nel in a wavelength division multiplexed (WDM) io 
system, the method comprising the steps of: 

(a) during a first duration of time, applying out- 
put signals from a pulsed light source to a dis- 
persive delay line to generate a wide-spectrum 15 
signal for providing a plurality of WDM chan- 
nels, and 

(b) during a second duration of time, applying 
output signals from the pulsed light source to 20 
each of M delay lines, such that the Mth delay 
line has a delay of (M-1) time slots, where M is 

a nonnegative integer representing the number 
of time slots to be provided for the broadcast 
channel, the M delay lines generating delayed 25 
pulses for providing the common broadcast 
channel. 

1 3. The method of Claim 1 2 further comprising the step 

of using a combiner to interleave the wide-spectrum 30 
signal and the delayed pulses. 
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